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The present invention relates to a display device and, more particularly, to a display device having an 

a dTs^'rSis generaily a glass screen, it causes a phenomenon in 
which deame^o/an image formed'from inside the display device is degraded by pnmary ref.ect.on of 

^^Ze^^Z::^ of a cathode-ray tube is norma,.y a smooth g.ass surface 
if HghU™ Tan ambient light source is primarily reflected by the faceplate . outer surface, an ,mage formed 
from inside the faceplate overlaps the reflected light to largely degrade its clearness. 

wmmMmmm 

to easily form an optical film. . . f Q ,,hstancG havinq a refractive 

refractive index of the display screen of the display device. refra ctive index n 2 is 

For example, the display screen of a oath ode-ray tube cons «££o£^ J ™optt»l film which 
about 1.52. Since the refractive index n 0 of«r .. U 0 ^ ft. ^J^^it no substance having 

J^nrr - — — - — fi,m which satisfies the 

n,n 3 where no is the refractive index of a substra * <* *• a * Active index of air. in the case of a 
lower layer. n 2 is the refractive index o an upper m. d e ^ n3 ^ ^ of tne refractive 

cathode-ray tube, a value of n,/n a - 1.23 odbJ" Lnectively That is. in order to satisfy the non- 
index of glass and 1.00 of the refract.ve .nde x o far respect. ^ g whjch a refractive 
refiection condition, it is ideal tc farm an ^£*££S£ outTr suS'of a cathode-ray tube, 
index ratio of the lower to upper layer .s 1.23 on .the ^'J 6 ^ S we „ as a met hod of forming such an 
A vapor deposition method or a sputtenng method s_ wn w djs , screen of a 
optica, film. To apply these methods to a «^ e J^ 

display device, however, is not practical since they requi * * com £ r £ ey a film y by coating a solution 
an optical film on such a large substrate. ^^^e dSfv screen and dryTng L solution is more 
containing a film formation material on a is often used, in 

;r s tr d ^^ — ed to hydra,ysis and 

niird^^ 

,ayer consisting of a co-condensate , ot an ox ; e-base and an upper layer 

and an Si0 2 -based compound such as an alkox.de of b s tor mea « ch , orosi | a ne containing a 

consisting of a fluorine-containing silicon «>W™$^^ film which satisfies the 

polyfluoroalkyl group is formed on the lower ^•^^te Z* layer is obtained by two processes of 
Son-reflection condition. The co-condensate consMu ^^TLZ^ is used as the metal 
^ZXa^^X^ ^ ~in P g reaction formulas: 



50 Hydrolysis: M(OR) n + xH 2 0 - M(OH) x (OR) n , + xROH 
Dehydrating condensation: 
M - OH + HO - M 
— M - 0 - M + H 2 0 
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wherein each of n and x_ represents a natural number. M represents a meta. e.ement. and R represents 
an alkyl group. jn accordanC e with the type of a metal. For 
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and Ti or Si and Zr is to be formed, therefore, since a Ti or Zr aikoxide is selectively hydrolyzed earlier in 
the starting solution, the composition of a formed thin layer becomes non-homogeneous. For this reason no 
satisfactory strength can be obtained by a film formed by the invention described in Published Unexamined 
Japanese Patent Application No. 61-10043. 

s As described above, in the conventional display devices, if fine projections and recesses are formed on 
a display screen of the device in order to prevent primary reflection on the display screen, the contrast or 
resolution of an image is degraded. In addition, if an antireflection film is to be formed by a single layer a 
substance having a refractive index which satisfies the non-reflection condition is not available. Even if a 
two-layered structure is adopted, a film having satisfactory strength and capable of being easily formed 

10 cannot be obtained. 

The present invention has been made to solve the above problems of the conventional display devices 
and has as its object to provide a display device comprising an optical film which can be easily formed and 
has a satisfactory antireflection effect and satisfactory strength. 

According to the present invention, there is provided a display device comprising: 
75 a display screen; and 

an optical film formed on the display screen and having a porous lower layer mainly containing Ti0 2 
and having a porosity of 30% to 75% and an average pore size of 10 nm or less and an upper layer 
stacked on the lower layer and containing a silicon compound having a fluorine-containing qroup and a 
siloxane bond. K 

20 In this display device, the optical film can be easily formed and has a satisfactory antireflection effect 
and satisfactory strength. 

This invention can be more fully understood from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a graph showing a relationship between the porosity and the refractive index of a porous Ti0 2 
25 film; 

Rg. 2 is a graph showing a relationship between the porosity and the film hardness of a TiO a film- 
Fig. 3 is a graph showing a relationship between the porosity and the film hardness of a Ti0 2 film havina 
an upper layer; a 

Rg. 4 is a sectional view showing a lower layer of an optical film according to the present invention; 

oo Rg. 5 is a sectional view showing an embodiment of an optical film according to the present invention- 

Fig. 6 .s a partially cutaway side view showing a practical structure of a cathode-ray tube according to 
the present invention; a 
Fig. 7 is a schematic view for explaining a method of measuring specular reflection- 
Fig. 8 is a graph showing the light transmittance of another embodiment of an optical film according to 

35 the present invention as a function of a wavelength; and 

Rg. 9 is a sectional view showing a practical structure of a liquid crystal display device according to the 
present invention. y 

a ,JJ1 t PiaV d ?l"f .°l th8 Pr6Sent i0Venti0n com P rises a display screen having a two-layered optical film 

S^ST^V* f ' ' ayer 8n UPPef ' ayer - ThS ' 0Wer layer is fo ™ ed on the di *P^ ~ree" 
and essentially consists of a porous layer mainly consisting of Ti0 2 and having a porosity of 30% to 75% 

co d s rr v r ag r pore size of 10 nm or iess - The upper iayer is ^ - *° ^ ^ 

consists of a silicon compound having a fluorine-containing group and a siloxane bond 
vsilaneMTn ?7 ^ * V^™* performin 9 ^lysis and dehydrating condensation for alkox- 

CF CH 5T?«i I" rtTpT^ r UP - EXamPleS ° f 3 COmp ° und eonrttuttag *• upper .ayer are 
CF 3 CH 2 CH 2 Si(OMe) 3 . CF 3 (CF 2 s CH 2 CH 2 Si(OMe) 3 , CF 3 (CF.)7CH 2 CH s Si<OMe>, CF.tCF \ rw ru o-m 
(OMe )2 and (MeO, 3 SiCH 2 CH 2( C F2 ) 6 CH 2 CH 2 Si(iMe) 3 where!n £ *2 S ^ 
alkcxys.lane ,s not limited to metoxysilane such as etoxysilane proposysi.ane. butoxysi.ane or phenol 
SE^sS sS T' ° f SUCh 3 SUbStanCS nas exce.lent characteristic fnlZ 

sSnSTs adlnf , additi ° n ' SinCS the SUrfaCe ° f the upper "W is s ™°*. its apparent 

Z^ZSSZZZS"- Therefore> ,his upper ,ayer has characteristics suitab,e as a ^ 

but ten^tZZ I" COnvent '° na " y used 28 an antireflection film of a substrate consisting of. e.g.. plastic 
can be 12 Th tra " spa t rent s " bstrate su <* as a glass plate because no satisfactory anLflecttn effect 
th " „ , f f d - The re,raCtlve mdex of the upper la V er j s about 1.3 to 1.43 although the value depends on 
the content of fluorine When a glass display screen and an upper layer having such a refractive index are 
used ,n order to obtain an optical film having a refractive index of about 1 .23 as a non-SSon conation 
the refractrve mdex of the lower layer must be at least 1.5 to 2.0. and preferably " 6 to 1 8 

The present .nventors have studied various types of thin layers having such a refractive index. Although 
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satisfactory strength can be obtained when a thin layer is formed by using only an alkoxlde of Ti. the 
SSSSTJ^STof the .ayer is about 2.5 to 2.9. i.e., no desired value can be obtained When a th.n layer .s 
lormed by using only an alkoxlde of Si, the refractive index of the layer is about 1.45. ,.e., no des.red value 

Can ?h e 0 pfese e nt inventors have found that when a Ti alkoxide is used as a starting material to form att*. 
layer under predetermined conditions, pores can be contained in the thin layer ma.nly cons.st.ng of T.02 
and the refractive index of the iayer can be adjusted to be a desired value. F.g. 1 .s a graph showin a 
relationship between the porosity and the refractive index of a Ti0 2 film contam.ng pores. As .s apparent 
the^efrac five Lex is decreased as the porosity is increased and vice versa Th* graph .reveals 
lhaHhe porosity of the lower layer for obtaining a desired refractive index of 1.5 to 2.0 .s 30% to 75%. and 

Pref R a g b, 2 Tt grapfshowing relationships between the porosity and the film ^ness obtained when 
averaae pore sizes of pores contained in a Ti0 2 film are about 10 nm and about 15 nm. The f.lm hardness 
TdeSrnLdTy a hardness test in accordance with the J.S standards ■ ,n which the , «rn « • -^dwjh 
scratch value test pencils having predetermined hardness such as B. HB. H. 2H to 7H. and 'damage 
condition on the surface of the film is observed to determine the film hardness correspond.ng to the pencrf 
hardness When 'he average pore size is about 10 nm. although the film hardness ,s decreased as he 
ooo^isTcreUc the film hardness is 6 H or more, i.e.. maintains a practically usable levei up to the 
poSity of When tt^e average pore size is about 15 nm. however, the porosity of 50% or more br.ngs 
about abrupt decrease in film hardness and causes the film to be opaque^ jUOCHsU and Ti- 

Examples of the Ti alkoxido used in formation of the lower layer are T.(0 - .C 3 H 7 )*. T.(OC 2 H 5 )*, and T. 

(0 "STis a graph showing a relationship between the hardness and the porosity of an optical film in 
which'an upper U consisting of the upper layer is made of ^.^^^^J^^^ 
siloxane bond is replaced with a Rf group represented by -CH 2 CH 2 (CF z )e CH 2 CH 2 -. S. atoms at 
of Rf group sharing .he Pf group, is formed or , a TiO a f.lm ^ ^ ^ ^ ^ ^ ^ 

^ ;rr ^zjzzzj 1 ^ ^ *. - o n , y *. ^ 
30 ,ay %;: ~ rss ^ - an ^ - ^ r v: 

3 o F.g. 4 .s a secuona. v.e . " .._ Nota that in Fiq 4 por es 15 are illustrated in an enlarged scale 

accordingly. n^rrin^ a t an oDtical film, especially, the hardness of an 

40 As described above, it is assumed that the hardness of ^^^^J^^ ln addit ion. although 
upper layer of the film is decreased ^.^^^^^J^^ is increased, it is 

Apparent from Fig. 3, in an optica, film ha.ng an --assize "fi" 
porosity is about 30% to 80%, a pract.cal f.lm hardness o 6 H I or mom can be o ^ ^ 

having an average pore size of about 15 nm, when the poros.ty . ^30 A to 55 i 

be obtained. Note that although this value .. obtained <^ ^ Resented by -CH 2 CH 2 (CF 2 ) 6 

compound in which one of four siloxane bond .s re f^ d J^ a ^ u JSnta, ly the same values can 
so CH.CH,-. Si atoms at both ends of Rf group n . used as an . J loxane bond . 

be obtained with another silicon compound »T ^^^^2 to the present invention is a porous 
As described above, the lower layer of the optical film accord ng to ™ P ferabl 10 nm or 

thin layer mainly consisting of Ti0 2 and the small, the average pore 

less. Since the film hardness is eas.ly d «f^^ i ^ J S3'S?L r Hy consists of an alkoxide of 
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average pore size and the porosity of the lower layer to fall within desired ranges. 

Within a wavelength range of 400 to 650 nm, the optical film according to the present invention 
preferably has a peak in a wavelength range of 575 ± 20 nm and light absorbing characteristics which 
satisfy the following relations: 



Tmin ^ T550 < Ts30 

1 ^T*5o/T 53 o 
1 £T 6 3o/T 5 3o ^2 
0.7 £ T^so/Tsao £ 1.43 



assuming that transmittances with respect to light having wavelengths of 450, 530, 550, and 630 nm and a 
peak are T+so, T530, T550, T 63 o, and T min . 

The above light absorbing characteristics are effective especially when the optical film is applied to a 
cathode-ray tube. The reason for this is as follows. 

The optical film applied to a cathode-ray tube can absorb external light most effectively by shielding 
light having a wavelength of 575 ^ 20 nm. However, reduction in luminance must be minimized. Therefore, 
it is important that the optical film has a maximum transmittance near 450 nm and 630 nm at which visual 
sensitivity is lowest and luminescent energies of red and blue phosphors used in a cathode-ray tube are 
high, a minimum transmittance near 575 nm at which the luminescent energies of the phosphors are low, 
20 and a medium transmittance near 530 nm at which visual sensitivity is high and which is the peak of a 
luminescent energy of a green phosphor. 

In addition, within the range of 575 to 530 nm, an energy of external light near 550 nm is higher than 
that at 530 nm, and a luminescent energy of a green phosphor near 550 nm is lower than that at 530 nm. In 
the characteristics of this optical film, a light transmittance between 575 and 530 nm is preferably set to be 
lower than that at 530 nm. That is, assuming that transmittances with respect to light having wavelengths of 
450 nm, 530 nm, 550 nm, and 630 nm and a peak are T^so. T 530 , T 550 , T 630 . and T min , respectively, the 
contrast of an image can be improved with a maximum efficiency by setting filter characteristics to satisfy 
relations of T mjn £ T 550 < T 53 o and T 530 £ T 630 . 

Furthermore, is it confirmed that body color control of the optical film is improved to be a practical level 
by limiting the ratios of transmittances at the respective wavelengths to satisfy the following equations (1) to 
(3): 

T+S0/T530 = 1 to 2 (1) 
T 63 o/T 53 o = 1 to 2 (2) 
35 T 4 5o/T 53 o = 0.7 to 1.43 (3) 



In the above relations, if the value of equation (1) exceeds 2 or the value of equation (3) is lower than 
1.43, a bluish body color is obtained. If the value of equation (2) exceeds 2 or the value of equation (3) is 
40 lower than 1 , since the improvement in contrast is reduced and the value of BPC is decreased these values 
are not practical. 

The above light absorbing characteristics can be obtained by adding a coloring material such as a dye 
or an organic or inorganic pigment to at least one of the upper and lower layers of the optical film 
Examples of the dye are acid-rhodamine B and rhodamine B, examples of the organic pigment are lakes of 
45 these dyes, and an example of the inorganic pigment is a mixture of cobalt aluminate and cadmium red 

The upper layer used in the present invention is effective as a protection film especially in an optical 
film containing such a coloring material. The upper layer has excellent characteristics in water repellency 
and stain resistance as described above and therefore can prevent ingress of, e.g., water or a chemical 
substance into the optical film. For this reason, the light selective absorbency and the environmental 
50 resistance can be largely improved. 

.ntil^^^ 0 ^^ addif l? 3 water - absorbin 9 metal salt to an optical film used in the present invention, 
antistatic properties can be imparted to the optical film. This water-absorbing metal salt in the optical film 
absorbs moisture in air and imparts conductivity to the optical film 

,h^ho 0U9h / ny I™* 1 Sa,t Can be US8d 35 the wate ™°sorbing metal salt as long as it has water 
SSSS^' VP . 6XamP ° f thS metaI S3,t ^ Sa ' tS ° f an a,ka,i metal and an alka,i earth ™tal. More 
Th!f lf\ e T P!eS u 3 ' 6 a nitrat6 ' 3 ° hIOrate ' a suIfate ' and a carbonate of Li. K, Na. Ba, Sr, and Ca 
These metal salts can be used singly or in the form of a mixture. 

An embodiment in which a cathode-ray tube is used as a display device will be described below 
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Fiq 6 is a partially cutaway side view showing a cathode-ray tube manufactured on the bas.s of the 
present invention. Referring to Fig. 6, a cathode-ray tube 1 has an evacuated air-tight glass envelope ,2. 
This envelope 2 has a neck 3 and a cone 4 continuous to the neck 3. The envelope 2 furtherha 
faceJate 5 which is sealed by the cone 4 and fret glass. An explosion-proof metal tens.on band 6 .s wound 
eriph ry of the side'wal, of this faceplate 5. An electron gun 7 for radiating an e.ectror .beam , 3 
arranged in the neck 3. A phosphor screen 8 consisting of a phosphor layer wh.ch .s exc.ted by the electron 
beam from £ electron gun 7 to emit light is formed on the inner surface of the 

unit (not shown) for deflecting the electron beam to scan the phosphor screen .s mounted outs.de the cone 

4 " An antireflection film 9 is formed on the outer surface of the faceplate 5 of the cathode-ray tube 1 to 
largely reduce primary reflection on the faceplate 5. This thin film 9 is manufactured as follows. 

Example 1 

Solutions A and B having the following compositions were prepared. 

Solution A titanium isopropoxide 

(Ti(0 - iC 3 H7)4) • ■ - 5 wt% 

isopropylalcohol . . .95 wt% 
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Solution B (MeO)3SiCH 2 CH2(CF 2 )6 

CH 2 CH2Si(OMe)3 wt% 

HC8, ...0,05 wt% 

isopropylalcohol • • .balance 

by 3ntm. End surface^ r— »» ™ 

^sr,u= 

?Z£?T*XT£21^^£ZZ<~ «*r « * e was la,9e,y 

reduced by using the antireflection film according ,to the P'«2rSor" changes in accordance with the 
,„ this antireflection film, the retractive index of th ' ' * °' "^of L ,„„, of the formation 
formation conditions of the lower layer to change the ° ™ „. ^^to of .he 

conditions, factors having influences on the S B is A 
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without adding pure water to the composition of the solution A, coated in an environment at a relative 
humidity of 40% to 50%, and baked at 200* C for 20 minutes, thereby adjusting the porosity. 

As Control 1 , the solution A was coated on a faceplate in an atmosphere at a relative humidity of 40% 
to 50% by the spin coating method and baked at a temperature of 200 * C to form a thin layer. The porosity 

5 of the formed thin layer was about 55%, and its refractive index was about 1 .7. 

As Control 2, the solution A was coated in an atmosphere at a relative humidity of 30% or less and 
baked at 200 C to form a thin layer. The porosity of the formed thin layer was about 25%, and its refractive 
index was 2 or more. After the solution A coated in an atmosphere at a relative humidity of 30% or less was 
dried with a hot wind at about 100* C for one minute following the same procedures as described above 

w the solution B was coated, and the resultant structure was sintered at 200 'c. The obtained thin film had 
almost no antireflection characteristics. In addition, the film hardness of the thin film was as low as 5 H i e 
unsatisfactory for a practical use. It is assumed that no antireflection effect was obtained because the 
refractive index was increased too high due to a low porosity of the lower layer. 

is Example 2 

An antireflection film according to the present invention was formed following the same procedures as 
in Example 1 except that 1.0 wt% of acid-rhodamine B was added to the solution A. When the specular 
reflection luminance of this color cathode-ray tube was measured and compared with a luminance of a 

20 ll°T^ e n °! haV ' n9 a " antireflection film - « was reduced by 25%. This value is substantially the same as 
that obtained in Example 1 . 

Fig. 8 shows the light transmittance of the antireflection film obtained as described above with respect 
to wavelength. As is apparent from Fig. 8, this antireflection film has an optical filter function having a light 
selective absorbency. The BPC of the color cathode-ray tube having the antireflection film was 1.25 and 
2S good contrast characteristics and a good body color were obtained. In this manner, an excellent light 
selective absorbency was imparted to the film by adding a dye to the lower layer 

When this antireflection film was dipped in water at room temperature for 500 hours, no change was 
found in tight selective absorbency. When a film having only a similar lower layer was dipped in water at 
room temperature for 48 hours, however, a dye almost completely eluted, and no light selective absorbency 

TSUI h ■ I ' 3 rUbb '' n9 t6St WaS Perf ° med by USi "9 a clotn dampened with a commercially 
available bleaching agent containing sodium hypochlorite. As a result, while no change was found in the 
antireflection f.lm according to the present invention, no light selective absorbency remained in the film 
having only the lower layer. 

Conspicuous improvements can be also obtained in an ultraviolet resistance. For example, when 
ultraviolet rays of 1 00 m W/cm* were radiated by a metal halide lamp for four hours, the survival ra5o ofTght 
selective absorbency of the optical film according to the present invention was 93%, while that of a film 
having only a lower layer was 75%. As described above, a display device comprising the optical film 

!° T£ 3 9 °° d C ° ntraSt and Can stab| y maintain the 'to* selective absorbing 

characteristics and the antireflection characteristics for a long time period 

mate^isaddld 6 ? "*> ^ 'T" * film Ca " be 0btained not only when a ^\ori nq 

material .s added to the lower layer but also when it is added to the upper layer and/or the lower layer. 

Example 3 
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a nirt rhoH I' 0 " !Tf f ° rmed f0 " OWin9 the Same P roce ^res as in Example 1 except that 0.3 wt% of 

fTm o H WSr ! 3dded 5 SO,Uti ° n B " Whe " the SpeCU,ar ref,ection lumina ™* * ». antireflection 
f.lm of the obtained color cathode-ray tube was measured, it was reduced by 27% as compared with that of 

Lamp? e ; h 0 io b t^r T7 fi r io ?-, fi,m - This vaiue was sub «*^ — « j&ezz 

STSZ ; I h f 1 an u t,reflect,on f,,m had a MOht selective absorbency as shown in Fig. 8. The BCP of 

obtaSd T2!£* thiS antir6flection « ,m -s 1.22, and good contrast characteristics we 

nSa^ UPP6 u ' ayer C ° ntainin9 3 dye W3S 6XCe,lent in water re P elle "cy and stain 

™tZ f ^'stance, a chemical resistance, and an ultraviolet resistance of the film were 

conspicuously improved as in Example 2. 
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lithium nS ' werTillrlH 33 'T^ f0 " OWin9 the m > rocedures as «" Sample 1 except that 0.5 wt% of 
lithrum nitrate were added as a hygroscopic metal salt to the solution A. The specular reflection luminance 
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of the obtained antireflection film was reduced by 28% as compared with that of a faceplate not having a 
refiection fiim. This antireflection film had conductivity because the hygroscopic metal sait was contained. 

and its surface resistivity was 1.0 x 10 9 Q/cm 2 . 



5 Example 5 
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An antireflection film was formed following the same procedures as in Example 1 except that 0.1 wt% of 
lithium nit ate were added as a hygroscopic metal salt to the solution B. The specular reflects luminance 
oTl^o^^rSSon film vL reduced by 27% as compared with that of a faceplate no havmg an 
ILflectnlim Tnis antirefection film had conductivity because the hygroscop.c metal salt was con- 

tained, and its surface resistivity was 3.0 x 10 9 Q/cm 2 . 

Example 6 

Ti0 2 content of the lower layer is preferably 80 wt% or more. 
Example 7 

the present invention. Refernng to RgJJ, Jqu* ' a sp y ^ 

substrates 21 and 22, and electrodes 23 and 24 cons sbng o ■ e fl. ^££<££*™ films 25 and 26 
desired patterns are formed on the oppos.ng ^ff^^J^^^ and 26 are rubbed in 
are coated on the electrodes 23 and 24 respect'vely and the surfaces <^he ^ and 2Q by 

predetermined directions. A P- de ' e ™^ two orientation films, e.g.. 

heat-hardening adhesive spacers 27. ^e spacers 27 are ^ a temperature of about 

the orientation film 26 beforehand and hardened and ^red u ^n g g 

Sriphr^ - • — - « — 29 - 

^Ta^S^ -ower layers is formed on the outer surface of at least 

one of the substrates 21 and 22 of the liquid crystal display dev.ce _20_ 

This antireflection fiim 30 was ^^'^Z^^ "ea.ed structure was dipped in 
device except for the substrate outer surface ^ "StTTttieX coating the solution A. Thereafter, 
the solution A used in Example 1 and then JurnS of 40% to 50% by blowing a hot 

, the resultant structure was dried ,n an atmosphe e * a relat, * e h « Qn B and then vertical i y pulled up, 
wind at a temperature of about 50 C for one rnmute d wind at about 50* C for 20 
thereby coating the solution B. The resultant structure wasd ' ed ^ a were adjusted t0 obtain 

minutes to form an antireflection Wm ^^^^^^rJ^ luminance of this liquid 

. ^^"^ ^ compared^ that of a iiquid crysta, device not 

having this antireflection film. 



Claims 

so 1. A display device (1) comprising: 
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2. 



Scon compound having . tioorin.-containlng group and a stem bond. 

A device (1 ) according .0 claim 1 . characterized in mat me porosiiy is «% to 65%. 
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3. A device (1) according to claim 1 , characterized in that the average pore size is 5 to 10 nm. 

4. A device (1) according to claim 1, characterized in that a refractive index of said optical film (9) is 1 5 to 
2.0. 

5. A device (1) according to claim 1, characterized in that said upper layer (13) is obtained by performing 
hydrolysis and dehydrating condensation for alkoxysilane having a fluorine-containing group. 

6. A device (1) according to claim 1, characterized in that said lower layer (12) is obtained by hydrolyzing 
at least one titanium alkoxide selected from the group consisting of titanium propoxide, titanium 
isopropoxide, titanium butoxide, titanium isobutoxide, titanium ethoxide and titanium compound having 
alkoxy group. 

7. A device (1) according to claim 1, characterized in that said lower layer (12) contains a hygroscopic 
75 metal salt. 

A device (1) according to claim 1, characterized in that said upper layer (13) contains a hygroscopic 
metal salt 
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A device (1) according to claim 1, characterized in that within a wavelength range of 400 to 650 nm, 
light absorbing characteristics of said lower layer have a peak in a wavelength range of 575 ± 20 nm 
and satisfy the following relations: 



"Tmin £ Tsso < T530 
25 1 £ T450/T530 ^ 2 

1 £ T 63 o/T 5 3o £ 2 
0.7 £ T 45 o>T63o ^ 1.43 



assuming that transmittances with respect to light having wavelengths of 450, 530, 550, and 630 nm 
30 and a peak are T* 50l T 530 , T 550 , T 630 , and T min , respectively. 

10. A device (1) according to claim 9, characterized in that said lower layer (12) contains at least one 
coloring material selected from the group consisting of a dye, an organic pigment, and an inorganic 
pigment. 
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11. A device (1) according to claim 1, characterized in that within a wavelength range of 400 to 650 nm 
light absorbing characteristics of said upper layer (13) have a peak in a wavelength range of 575 ± 20 
nm and satisfy the following relations: 



40 T min ^ Tsso < T 53 o 

1 £ T^so/Tsso £ 2 
1 £ T S 3o/T 5 3o £ 2 
0.7 £ Taso/Tgso ^ 1.43 



45 



assuming that transmittances with respect to light having wavelengths of 450, 530, 550, and 630 nm 
and a peak are Tiso, Tsao, Tsso, T 6 3o, and T mini respectively. 

12. A device (1) according to claim 11, characterized in that said upper layer (13) contains at least one 
pigmTnt matenal ^ ^ C ° nSiStin9 ° f * dy6 ' ° rganiC pigment - and an inor 9 anic 

13. A device according to claim 1, characterized in that within a wavelength range of 400 to 650 nm liqht 

rano^ ?f * l0Wer Iayer and said u ^ er ^ have a peak in a wavelength 

range of 575 ± 20 nm and satisfy the following relations: 



55 



T m j n ^ T550 < T530 
1 £ Tiso/Tsao £ 2 

1 ^ TG30/T530 £ 2 
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0.7 £ "Uso/Teso S 1.43 

assuming that transmittals with respect to light having wavelengths of 450, 530. 550. and 630 nm 
and a peak are "Uso, Tsao, Tsso, T S3 o, and T m , n , respectively. 

4. A device (1) according to claim 1. characterized in that said display device is a cathode-ray tube. 

5. A device (20) according to claim 1, characterized in that said display device is a liquid crystal display 

device. 
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© A display device (1) comprising a display screen 
(8), and an optical film (9) formed on the display 
screen (8) and having a porous lower layer (12) 
mainly consisting of Ti0 2 and having a porosity of 
30% to 75% and an average pore size of 10 nm or 
less and an upper layer (13) stacked on the lower 
layer and essentially consisting of a silicon com- 
pound having a fluorine-containing group and a silox- 
ane bond. In this display device, the optical film (9) 
can be easily formed and has a satisfactory anti- 
reflection effect and satisfactory strength. 
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